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PROBLEM TO BE SOLVED: To positively and securely avoid 
the overheat of a relay with the compact structure in an 
electric power steering system for controlling the switching 
condition of an assist motor and current-carrying lines of a 
driving circuit with a relay such as an electromagnetic relay. 
SOLUTION: Temperature of electromagnetic relays 18a, 18b is 
estimated one by one on the basis of a detected temperature 
by a temperature sensor 1 8c with the control by a control 
circuit 13. In the case where this estimated temperature value 
exceeds the set value, current modifying control is performed 
so as to reduce the upper limit of the target current value of a 
motor 1 1 step by step. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the energization control unit which has the relay formed in energization Rhine of a load, 
switches actuation of this relay, and controls said energization Rhine to switch-on or a cut off state The 
temperature sensor which detects the temperature of the predetermined part which can serve as temperature 
which computes [ detection or ] the temperature of said relay, The energization control unit characterized by 
establishing the current control means which performs current correction control which revises downward 
the current which flows to said relay based on the detection temperature by said temperature sensor if 
needed that the temperature of said relay should be held below to allowable temperature. 
[Claim 2] The assistant motor which is connected with the steering system of a car and generates steering 
auxiliary torque, The bridge circuit for consisting of two or more switching elements, and driving said 
assistant motor, When the abnormal condition which has the relay formed in energization Rhine of said 
assistant motor, and should intercept said energization Rhine occurs In the usual operational status which 
said relay is operated in the open condition, intercepts said energization Rhine, and said abnormal condition 
has not generated By making said relay into a closed state, said energization Rhine so that said switching 
element may be operated according to the steering torque of maintenance **** and said steering system to 
switch-on and said steering auxiliary torque may become a value according to said steering torque In the 
electric power-steering equipment which controls the current of said assistant motor to a predetermined 
target current value The temperature sensor which detects the temperature of the predetermined part which 
can serve as temperature which computes [ detection or ] the temperature of said relay, Electric power- 
steering equipment characterized by establishing the current control means which performs current 
correction control which revises said target current value downward if needed based on the detection 
temperature by said temperature sensor that the temperature of said relay should be held below to allowable 
temperature. 

[Claim 3] Electric power-steering equipment according to claim 2 characterized by said temperature sensor 
being what measures the temperature of the particular part of said relay as temperature of said 
predetermined part. 

[Claim 4] Electric power-steering equipment according to claim 2 characterized by being that to which said 
temperature sensor measures the temperature of the substrate with which said relay was mounted as 
temperature of said predetermined part. 

[Claim 5] Electric power-steering equipment according to claim 4 with which said substrate is characterized 
by being a metal substrate. . 

[Claim 6] Electric power-steering equipment according to claim 4 or 5 characterized by carrying out the 
surface mount of said relay to said substrate. 

[Claim 7] Electric power-steering equipment given in claim 2 thru/or any of 6 when the detection 
temperature according [ said current control means ] to said temperature sensor exceeds a default, they are. 
[ which is characterized by performing said current correction control ] 

[Claim 8] Electric power-steering equipment given in claim 2 thru/or any of 6 when said current control 
means computes a part for the temperature rise by the Joule's heat in the relay concerned from the current 
which flows said relay, the temperature estimate of said relay is calculated by adding the detection 
temperature by said temperature sensor to a part for this temperature rise further and this temperature 
estimate exceeds a default, they are. [ which is characterized by performing said current correction control ] 
[Claim 9] Said current correction control is electric power-steering equipment according to claim 7 or 8 
characterized by being what raises extent which revises said target current value downward gradually or 
continuously according to the increment in said detection temperature or temperature estimate. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates overheating of said relay to the equipment which can be 
prevented practical with respect to the energization control unit which controls the switching condition (are 
they switch-on or a cut off state?) of energization Rhine, or the electric power-steering equipment containing 
such an energization control unit with a relay of an electromagnetic relay, a semi-conductor relay, etc. 
[0002] 

[Description of the Prior Art] The electric power-steering equipment currently used for small cars, such as a 
light car, detects the steering torque generated in a steering shaft by handle actuation by the torque sensor, 
passes a current on the assistant motor (only henceforth [ with a case ] a motor) attached in the steering shaft 
etc. according to it from the dc-battery of a car, and makes it generate steering auxiliary torque generally. It 
has the composition of driving a motor by the PWM (Pulse Density Modulation) method through the drive 
circuit which consists of this H bridge circuit, by control of the control section which contains a 
microcomputer in current control of a motor for that using H bridge circuit which usually consists of four 
FET (field-effect transistor). 

[0003] Moreover, in energization Rhine (depending on the case, they are the above-mentioned drive circuit, 
energization Rhine between power sources, and the above-mentioned drive circuit and energization Rhine 
between motors) of the above-mentioned drive circuit, like common motor control equipment etc., a relay of 
an electromagnetic relay etc. is formed and the switching condition of above-mentioned energization Rhine 
can control now by the above-mentioned control section. That is," in the case of electric power-steering 
equipment, in the non-operating status of equipment, the above-mentioned relay was maintained in the open 
condition, and said energization Rhine was made into the cut off state, for example, generating of the high 
current (overcurrent) by the dc-battery adversative conjunction (connect the dc-battery of a car with an 
opposite polarity) etc. is avoided. Moreover, when the closed-circuit failure of Above FET etc. breaks out at 
the time of operation of equipment, it has composition which switches the above-mentioned relay to an open 
condition too, and intercepts said energization Rhine for evasion of generating of the high current resulting 
from this failure, malfunction of a motor, or a regeneration lock. In addition, a regeneration lock here will be 
in the condition that the both-ends child of the coil of a motor was connected, by the closed-circuit failure of 
Above FET etc., the so-called regenerative-braking force generates it on a motor, and the phenomenon 
which the handle connected with the motor becomes rotation actuation difficulty, or becomes rotation 
actuation impossible is said. And if it is going to solve the problem of such a regeneration lock with a relay, 
it is necessary to form a relay of an electromagnetic relay etc. also in the above-mentioned drive circuit 
(correctly the above-mentioned H bridge circuit) and energization Rhine between motors. 
[0004] By the way, although it might succeed in the cure which controls the energization current (namely, 
energization current to a motor) to FET, and protects FET from heating with such electric power-steering 
equipment so that the temperature of Above FET might not exceed predetermined temperature 
conventionally, it did not succeed in the cure which protects positively the relay which constitutes the 
above-mentioned relay from heating. This such electric power-steering equipment Since it is difficult to 
generate big steering auxiliary torque compared with a hydraulic thing, the current which is used only for 
small cars, such as a light car, as mentioned above in the former, but flows on a motor also in the state of 
full operation of the equipments at the time of cut actuation of a handle etc. — a maximum of 40, since it is 
about A and a low The calorific value of the exoergic components (for example, the above FET) arranged 
on the above-mentioned relay etc. and the outskirts of it is because overheating of the above-mentioned 
relay prevented practically satisfactory with a cure, such as forming the radiator of adaptation, so greatly. 
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[0005] 

[Problem(s) to be Solved by the Invention] However, or the above-mentioned electric power-steering 
equipment is easy electronics control, a hydraulic pump and an oil pipe are unnecessary, there are various 
advantages, like structure becomes simple, application is considered by the subcompact by recent years, and 
possibility of being applied also to a still more large-sized car in the future is high [ the equipment ]. if 
carried [ come ] in a such comparatively large-sized car, in order [ and ] to drive a motor and to generate 
necessary steering auxiliary torque in the state of full operation of the equipments at the time of cut 
actuation of a handle etc. - the current of a motor — a maximum of 60-80 [ for example, ] - it is needed 
about A. If it becomes like this, the calorific value (it is proportional to the square of a current) from the 
relay itself and the exoergic components of the circumference of it will increase sharply, and it will already 
become impossible only by work of a radiator to protect a relay from overheating. 

[0006] In addition, it is impossible to design so that said relay may not be in overheating under the condition 
of an increment in a current which was mentioned above by having formed the radiator corresponding to the 
maximum calorific value in the control unit (control unit) of the equipment with which said drive circuit, a 
microcomputer, said relay, etc. are contained, or having balanced maximum current in the capacity of said 
relay [ itself] practical, although it is theoretically possible, in this case, it is because the above-mentioned 
control unit stops settling in the narrow tooth space which arrangement of this kind of unit was allowed in 
the car in order for a radiator to become extremely large, and to also boil a relay markedly and to enlarge it. 
Moreover, since it deteriorates or (life fall) damages by fire or there is a possibility that fault, like the solder 
to which the relay coil connects the terminal melts may occur when a relay will be in overheating, for 
example, such overheating must be avoided as positively as possible and certainly from a viewpoint which 
secures the high dependability of the steering system of a car. Then, this invention is the energization 
control unit which controls the switching condition of energization Rhine by relay of an electromagnetic 
relay, a semi-conductor relay, etc., or electric power- steering equipment containing such an energization 
control unit, and aims at offering the equipment which can avoid overheating of said relay positively and 
certainly with a small configuration. 
[0007] 

[Means for Solving the Problem] In the energization control unit which the energization control unit by this 
invention has the relay formed in energization Rhine of a load, switches actuation of this relay, and controls 
said energization Rhine to switch-on or a cut off state The temperature sensor which detects the temperature 
of the predetermined part which can serve as temperature which computes [ detection or ] the temperature of 
said relay, The current control means which performs current correction control which revises downward 
the current which flows to said relay based on the detection temperature by said temperature sensor if 
needed that the temperature of said relay should be held below to allowable temperature is established. Here, 
various kinds of electrical loads, such as a motor, and a solenoid or a lamp, are contained in a "load." 
Moreover, when "energization Rhine of a load" means a series of current paths (circuit thing which consists 
of a conductor, a cable, etc.) between a load and a power source (a positive electrode and negative electrode) 
and there is a drive circuit of a load, a drive circuit, the current path between power sources, and a drive 
circuit and the current path between loads are included. Moreover, switching elements, such as the usual 
electromagnetic relay, and a semi-conductor relay or FET, are contained in "a relay." Moreover, when 
judging whether the function and the dependability of a relay deteriorate by overheating, or it is lost, 
"temperature of a relay" may be the temperature of the part which serves as an index (namely, when judging 
whether it is below allowable temperature), may be mean temperature of the whole relay, and it may be the 
temperature (for example, temperature of the contact of an electromagnetic relay, a terminal, or a coil) of the 
specific part which poses a problem thermally [ a relay ] depending on the case, moreover, in "the 
predetermined part which can serve as temperature which computes [ detection or ] the temperature of said 
relay" The part which any part of said relay [ itself] is included, is in the temperature of said relay, 
abbreviation, etc. by carrying out, and serves as temperature (For example, the circuit where the terminal of 
a relay was connected near part of said terminal in a conductor or its substrate) The parts (for example, part 
comparatively near a relay in the heat sink for radiating heat in the heat of a relay etc.) which carry out a 
temperature change are also included, maintaining the temperature and the correlation of said relay. 
Moreover, a part which becomes equal to the ambient temperature of equipment as an extreme mode is also 
included. Moreover, it cannot be overemphasized that this "predetermined part" is good by the part which 
can detect or compute the temperature of a relay including a fixed allowable error. Incidentally, if it is a 
relay of the electromagnetic relay usually used for electric power-steering equipment, since the allowable 
temperature of a terminal (solder connection part), a coil, etc. is the level of 120 degrees C - 200 degrees C, 
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an at least 1 degree C - about 10 degrees C error is allowed practical in many cases. "Current correction 
control" Moreover, for example, the control which decreases a current rather than usual based on the 
detection temperature of said temperature sensor May be (for example, control only the rate according to 
detection temperature surely decreases [ control ] a current value), and You may be the current-limiting 
control (for example, the control only the rate according to detection temperature decreases [ control ] the 
upper limit of a current, the thing to which a current does not necessarily decrease each time) which restricts 
a current rather than usual based on the detection temperature of said temperature sensor. 
[0008] According to this invention, since the temperature of a predetermined part which the temperature 
sensor mentioned above is detected, the temperature of a relay can be judged and supervised based on the 
detection temperature of this temperature sensor. And based on this monitor result, current correction 
control which revises downward the current which flows to a relay if needed is performed, and the 
temperature of a relay is held below at allowable temperature. For this reason, that a relay is deteriorated or 
damaged by overheating can avoid positively and certainly. High-reliability is securable, being able to 
protect a relay from overheating certainly and avoiding enlargement of equipment, since the current which is 
the source of generation of heat will be restricted, if it furthermore says without forming a large-sized 
radiator or enlarging the capacity (size) of a relay. 

[0009] Moreover, the electric power-steering equipment by this invention The assistant motor which is 
connected with the steering system of a car and generates steering auxiliary torque, The bridge circuit for 
consisting of two or more switching elements, and driving said assistant motor, When the abnormal 
condition which has the relay formed in energization Rhine of said assistant motor, and should intercept said 
energization Rhine occurs In the usual operational status which said relay is operated in the open condition, 
intercepts said energization Rhine, and said abnormal condition has not generated By making said relay into 
a closed state, said energization Rhine so that said switching element may be operated according to the 
steering torque of maintenance **** and said steering system to switch-on and said steering auxiliary torque 
may become a value according to said steering torque In the electric power-steering equipment which 
controls the current of said assistant motor to a predetermined target current value The temperature sensor 
which detects the temperature of the predetermined part which can serve as temperature which computes 
[ detection or ] the temperature of said relay, The current control means which performs current correction 
control which revises said target current value downward if needed based on the detection temperature by 
said temperature sensor that the temperature of said relay should be held below to allowable temperature is 
established. Here, said bridge circuit, energization Rhine between power sources (current path) and said 
bridge circuit, and energization Rhine between assistant motors are included in "energization Rhine of an 
assistant motor." 

[0010] According to this invention, since the temperature of a predetermined part which the temperature 
sensor mentioned above is detected, the temperature of a relay can be judged and supervised based on the 
detection temperature of this temperature sensor. And based on this monitor result, current correction 
control which revises the target current value of an assistant motor downward if needed is performed, and, 
thereby, the temperature of a relay is held below at allowable temperature. For this reason, that thing [ that a 
relay is deteriorated or damaged by steering auxiliary torque by overheating although part reduction is 
carried out and handle actuation becomes that much heavy ] can avoid positively and certainly. High- 
reliability is securable, being able to protect a relay from overheating certainly and avoiding enlargement of 
the control unit of electric power-steering equipment, since the current which is the source of generation of 
heat will be restricted, if it furthermore says without forming a large-sized radiator or enlarging the capacity 
(size) of a relay. Consequently, the reliable electric power-steering equipment by which the relay was 
certainly protected from overheating can be realized also to comparatively large-sized cars, such as a 
subcompact which has the need of passing a high current in the drive of an assistant motor, and the 
practically excellent effectiveness according to the needs of a commercial scene that it can constitute in the 
magnitude which was moreover suitable for the control unit of equipment carrying in a car is acquired. 
[001 1] Moreover, as for the more desirable configuration of this invention, said temperature sensor 
measures the temperature of the particular part of said relay as temperature of said predetermined part. The 
temperature of the particular part of said relay can be measured directly as it is this configuration, and the 
temperature which serves as an index when preventing overheating of said relay can supervise now more 
correctly and easily. Moreover, as for the more desirable configuration of this invention, said temperature 
sensor measures [ said relay ] the temperature of the mounted substrate as temperature of said predetermined 
part. Since what is necessary is to mount a temperature sensor on the above-mentioned substrate as it is this 
configuration, and just to prepare, installation of a temperature sensor becomes easy. 
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[0012] Moreover, said substrate (substrate with which the relay was mounted) of the more desirable 
configuration of this invention is a metal substrate. The heat generated with a relay as it is this configuration 
comes to radiate heat efficiently outside via a substrate. By this, there are few the activation frequency and 
extent of current correction control which overheating of a relay stopped being able to generate easily and 
mentioned above, it comes to end, and the effectiveness that the evil (evil to which handle actuation 
becomes heavy temporarily only in the part which revises a desired value current value downward) of 
current correction control is eased is acquired. Moreover, since the temperature of the substrate which a 
temperature sensor measures in this case will become more desirable when judging the temperature of a 
relay (the relation between the temperature of a relay and the temperature of a substrate becomes surer), it 
becomes possible to judge and supervise the temperature of a relay with a more sufficient precision, and the 
operation effectiveness of the current correction control mentioned above can be demonstrated more 
effectively and efficiently. If the surface mount of the relay is carried out to said substrate, in order for the 
heat which the heat generated with a relay generated with propagation and a relay efficiently in the substrate 
to radiate heat efficiently by the exterior via a substrate especially, the above-mentioned operation 
effectiveness becomes more remarkable. 

[0013] Moreover, the more desirable configuration of this invention performs said current correction 
control, when the detection temperature according [ said current control means ] to said temperature sensor 
exceeds a default. There is an advantage by which judgment processing of whether to perform said current 
correction control as it is this configuration is simplified. Moreover, the more desirable configuration of this 
invention performs said current correction control, when said current control means computed a part for the 
temperature rise by the Joule's heat in the relay concerned from the current which flows said relay, it is 
adding the detection temperature by said temperature sensor to a part for this temperature rise further, the 
temperature estimate of said relay is calculated and this temperature estimate exceeds a default. The 
temperature which said temperature sensor detects as it is this configuration becomes that what is necessary 
is just base temperature when presuming the temperature of said relay. Even if said temperature sensor does 
not measure the temperature of the part correlated with the temperature of the relay [ itself], or it (Even if it 
is what measures the temperature of the part which is distant from the relay in the substrate with which the 
relay was mounted to some extent, for example), temperature estimate of a relay can be computed 
sufficiently correctly (with error permitted), and the operation effectiveness of said current correction 
control can be demonstrated on sufficiently practical level. Therefore, the degree of freedom of arrangement 
of a temperature sensor increases, and there is a merit from which it also becomes possible to use a 
temperature sensor also [ applications / (for example temperature monitor of the switching element which 
constitutes a bridge circuit) / other ] easily. 

[0014] Moreover, the more desirable configuration of this invention raises gradually or continuously extent 
to which said current correction control revises said target current value downward according to the 
increment in said detection temperature or temperature estimate. At the time of comparatively low level on 
which extent of the elevated-temperature condition of a relay does not have urgency so much, for example 
as it is such a configuration, the degree which restricts a current is lessened and flexible control of securing 
as big steering auxiliary torque as possible is attained. In raising modification level continuously especially, 
the fine current correction according to extent of the elevated-temperature condition of a relay is attained, 
overheating of a relay is certainly avoided by current correction of necessary minimum as possible, and, on 
the other hand, it becomes possible more precisely to generate all possible steering auxiliary torque. 
[0015] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained based on a 
drawing. First, drawing 1 explains the example of 1 gestalt of the hard configuration of electric power- 
steering equipment. The assistant motor 1 1 (only henceforth [ with a case ] a motor 1 1) which this 
equipment is connected with the steering system of a car, and generates steering auxiliary torque, The 
control circuit 13 which controls this motor 1 1 through the drive circuit 12 (H bridge circuit 12a is 
included), It has the power circuit 15 which supplies predetermined power to this control circuit 13 based on 
the output of the power source (dc-battery) 14 of a car, and the torque sensor 16 which detects the steering 
torque of said steering system. Here, a control circuit 13 is equivalent to the current control means of this 
invention. 

[0016] Moreover, in drawing 1 , it is the ignition switch of a car which is shown with a sign 17, and it 
functions as a start switch of a control circuit 13 in this equipment. Moreover, it is the electromagnetic relay 
(correctly contact of an electromagnetic relay) equivalent to a relay of this invention which is shown with 
Signs 18a and 18b, and it has the composition that drive control of the coil of these electromagnetic relays is 
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carried out by the control circuit 13 through the circuit which carried out the illustration abbreviation. 
Moreover, what is shown by sign 1 8c is prepared on the drive circuit board 41 of the after-mentioned in 
which the drive circuit 1 2 was formed, it is a temperature sensor (for example, thermistor) for measuring the 
temperature (the accuracy in this case the circuit on a substrate 41 temperature of a conductor 42) of this 
substrate 41, and that detection output is inputted into the control circuit 13. Moreover, what is shown with a 
sign 19 is the resistance (shunt resistance) connected to the gland side (namely, energization Rhine L2 
between bridge circuit 12a and the negative electrode of a power source 14) of bridge circuit 12a, and the 
electrical potential difference equivalent to a part for the voltage drop of this resistance 19 is inputted into 
the control circuit 1 3 by the input line 20. In addition, since the electrical-potential-difference value inputted 
from this input line 20 is naturally proportional to the current value (only henceforth [ with a case ] a motor 
current value) of a motor 1 1 , a motor current value can be detected from this electrical-potential-difference 
value, and resistance 1 9 and an input line 20 constitute the current detection means 2 1 of a motor current 
from a control circuit 13 substantially. In addition, the drive circuit 12, the control circuit 13, the power 
circuit 15, etc. constitute the control unit 22 of power-steering equipment. 

[0017] every which is the switching element from which the drive circuit 12 constitutes this H bridge circuit 
12a here including H bridge circuit 12a which comes to connect four field-effect transistors SW1-SW4 
(henceforth FETSW1-SW4) with H bridge form to a motor 1 1 in this case - FETSW1-SW4 operate with 
the PWM driving signal outputted from a control circuit 13. in addition, every - FETSW1-SW4 are N 
channel enhancement type MOSFETs in this case, and those structure top diodes D1-D4 (parasitism diode) 
are made between the drain sources. Moreover, electromagnetic-relay 1 8a (relay A) will be prepared in 
energization Rhine LI between bridge circuit 12a and the positive electrode of a power source 14, will be in 
a closed state in the state of a drive (coil excitation condition), makes this energization Rhine LI switch-on, 
will be in an open condition in the state of un-driving (coil condition of not exciting), and will make this 
energization Rhine LI a cut off state. Moreover, electromagnetic-relay 18b (relay B) will be prepared in one 
energization Rhine L3 between bridge circuit 12a and a motor 1 1, will be in a closed state in the state of a 
drive, makes this energization Rhine L3 switch-on, will be in an open condition in the state of un-dnving, 
and will make this energization Rhine L3 a cut off state. 

[0018] Moreover, a control circuit 13 consists of circuits containing a microcomputer. In order to generate 
the steering auxiliary torque according to the value of the steering torque detected from the detecting signal 
of a torque sensor 16 Others [ control function / in the normal state (normal operational status which is the 
last abnormal condition which would be mentioned later) which generates the PWM driving signal of the 
duty ratio which realizes the motor current according to said steering torque, and controls H bridge circuit 
12a ] Based on the detection value of temperature sensor 1 8c or the current detection means 21 , various 
abnormal conditions (it mentions later) are judged. A motor current is revised downward rather than a 
normal state (control or limit), or the fail-safe function to avoid an overcurrent and a regeneration lock by 
making electromagnetic-relay 18a or 18b (relays A and B) into an open condition is also realized (the detail 
after-mentioned is carried out). Moreover, a power circuit 15 transforms the electrical potential difference 
(usually 12 V-14V) of a dc-battery 14 into a predetermined electrical potential difference (for example, 5V), 
and supplies it to a control circuit 13. In addition, electromagnetic-relay 18a may be prepared in energization 
Rhine L2 between bridge circuit 12a and the negative electrode (namely, gland) of a power source 14, and 
electromagnetic-relay 18b may be prepared in energization Rhine L4 of another side between bridge circuit 
12a and a motor 11. Moreover, a relay like electromagnetic-relay 18a is usually surely formed. However, a 
relay like electromagnetic-relay 1 8b is not necessarily required, and when the regeneration lock mentioned 
above does not pose a problem, in [ for example, when / even if the coil both ends of a motor 1 1 will be in a 
connection condition, when the rotation actuation of the handle can be carried out somehow, or when a 
clutch is prepared between a motor 1 1 and a steering system and connection of a motor 1 1 and a steering 
system can cancel suitably / etc. ], it is unnecessary. In addition, a unit 22 is equipped with the electrolytic 
capacitor which backs up a power source when the current (only henceforth [ with a case ] a motor current) 
of a motor 1 1 other than the element mentioned above increases, the ceramic condenser for the cure against 
an electric wave which controls noise emission although the illustration abbreviation is carried out. 
[0019] Next, drawing 2 explains the structure and its circumference configuration of electromagnetic relays 
1 8a and 1 8b! In addition, drawing 2 (a) is the perspective view showing the appearance of each relay, 
drawing 2 (b) is the sectional side elevation showing the internal structure of each relay, and drawing 2 (c) is 
side elevations, such as the drive circuit board in which each relay was carried. The base substrate 3 1 made 
of synthetic resin with which each relay carries out support immobilization of each part article directly or 
indirectly as shown in dra wing 2 (a) and (b), The electromagnet 32 which consists of a coil or an iron core, 
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and the traveling contact spring 33 flexibly displaced with the suction force of this electromagnet 32, The 
traveling contact 34 prepared at the tip of this traveling contact spring 33, and the stationary contact 35 by 
which opposite arrangement was carried out at this traveling contact 34, The common terminal 36 which 
connected with the stationary contact 35 and the end connection exposed to the inferior-surface-of- tongue 
left end of the base substrate 31, The a-contact terminal 37 which connected with the traveling contact 34 
through the traveling contact spring 33, and the end connection exposed to the inferior- surface-of-tongue 
right end of the base substrate 31, the end-winding children 38 and 39 whom connected with each end 
winding of an electromagnet 32, and the end connection exposed to the inferior-surface-of-tongue central 
both sides of the base substrate 3 1 , and each part article (except for the end connection of each terminal) — a 
wrap — it has the cube type case 40 made of synthetic resin attached in the top-face side of the base substrate 
31 like. And it is the electromagnetic relay to which a traveling contact 34 displaces to a stationary contact 
35 according to the suction force of an electromagnet 32, and the stability of the traveling contact spring 33, 
and the contact condition between a traveling contact 34 and a stationary contact 35 is switched. That is, in 
the state of the drive on which the power source was supplied between the end- winding child 38 and 39 by 
control of a control circuit 13, and the electromagnet 32 functioned, it will displace in the direction which a 
traveling contact 34 joins to a stationary contact 35 with the suction force of an electromagnet 32, and the 
common terminal 36 and the a-contact terminal 37 will be in switch-on. Moreover, in the state of un-driving 
[ to which the power source is not supplied between the end- winding child 38 and 39 it will displace in the 
direction in which a traveling contact 34 separates from a stationary contact 35 by the stability of the 
traveling contact spring 33, and the common terminal 36 and the a-contact terminal 37 will be in non- 
switch-on. In addition, in this example of a gestalt, although each electromagnetic relays 1 8a and 1 8b are 
explained as a thing of this structure, to say nothing of being different structure, the capacity (size) of these 
relays may differ. 

[0020] Moreover, in this case, each relay is mounted on the drive circuit board 41, as shown in drawing 2 
(c). The drive circuit board 41 is a metal substrate, and the drive circuit 12 is formed here, namely, the front 
face (component-side side) of an aluminum plate whose drive circuit board 41 is a base material — an 
insulating layer (illustration abbreviation) — forming — further — a it top — a circuit — the circuit pattern 42 
as a conductor is formed with a printed wiring technique, and components, such as FETSW1-SW4 which 
constitute the drive circuit 12 to the predetermined part of this circuit pattern 42, and electromagnetic relays 
18a and 18b, are mounted. In addition, in this case, FETSW1-SW4, and electromagnetic relays 18a and 18b 
are arranged together with the direction which intersects perpendicularly with the space of drawing 2 (c), 
and the chip of temperature sensor 18c is mounted in the location between these [ FETSW1-SW4 ] or 
electromagnetic relays 18a and 18b. Moreover, in drawing 2 (c), the top-face side serves as a component 
side of this metal substrate (drive circuit board 41). Moreover, at least, each terminals 36-39 are made into 
the configuration for surface mounts (sideways configuration which becomes parallel to a component side), 
and the surface mount of the electromagnetic relays 18a and 18b is carried out to the predetermined part of 
the circuit pattern 42 on the drive circuit board 41. For example, after applying cream solder to the top face 
of the predetermined part of a circuit pattern 42 beforehand, the external surface (inferior surface of tongue) 
of each terminals 36-39 is joined to the top face of the predetermined part, and infrared radiation is 
irradiated at the joint, and claim solder is melted temporarily and it is soldered. Moreover, temperature 
sensor 18c is measuring the temperature of the drive circuit board 41 (correctly that circuit pattern 42) in this 
case. And in this example of a gestalt, the heat sink 43 manufactured by the dies casting of aluminum is 
arranged in the rear- face side (inferior-surface-of-tongue side) of the drive circuit board 41 in the state of 
junction. Moreover, this heat sink 43 is arranged so that it may expose to the external surface (inferior 
surface of tongue) of a control unit 22. 

[0021] Heat transfer of the heat generated in electromagnetic relays 18a and 18b, or FETSW1-SW4 as it is 
such a configuration is efficiently carried out to the drawing Nakashita sense via the drive circuit board 41, 
and, finally it radiates heat efficiently (open air) out of a unit from a heat sink 43. In electromagnetic relays 
18a and 18b, the Joule ! s heat mainly generated at each contacts 34 and 35 is first transmitted from the 
structure to metal each part material (the common terminal 36, the traveling contact spring 33, a-contact 
terminal 37) efficiently in more detail. Subsequently, the heat which got across to the common terminal 36 
or the a-contact terminal 37 gets across to the circuit pattern 42 of the drive circuit board 41 efficiently 
according to surface mount structure. And from the drive circuit board 41 being metal, heat transfer of the 
heat which got across to this circuit pattern 42 is efficiently carried out to a heat sink 43 side, and it radiates 
heat. Moreover, for this reason, the temperature change of the temperature (temperature of the circuit pattern 
42 of the drive circuit board 41) which temperature sensor 18c is measuring is carried out good as 
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electromagnetic relays 18a and 18b or base temperature of FETSW1-SW4. That is, the part (circuit pattern 
42 of the drive circuit board 41) in which temperature sensor 18c is carrying out thermometry serves as a 
predetermined part of this invention which can serve as good base temperature at the time of presuming the 
temperature of electromagnetic relays 18a and 18b (relay). Moreover, the detection temperature of 
temperature sensor 1 8c can also turn into good base temperature at the time of presuming the temperature of 
FETSW1-SW4 in this case. That is, temperature sensor 18c in this case is usable also as a sensor for 
detecting the temperature of FETSW1-SW4, while being a sensor for detecting the temperature of 
electromagnetic relays 18a and 18b, it compares with the configuration which forms a separate temperature 
sensor in each, and reduction of components mark is realized. 

[0022] In addition, in drawing 2 (c), although the illustration abbreviation is carried out about the whole 
control unit 22 structure, if an outline is explained, it has the following structures. Namely, the base 
substrate with which the control unit 22 carried the above-mentioned electrolytic capacitor and the shunt 
resistance 19 grade, and the high current circuit (a part of above-mentioned energization Rhine LI -L4) was 
formed (illustration abbreviation), The drive circuit board 41 which is attached in the inferior- surface-of- 
tongue side of this base substrate by adhesion etc. and which was mentioned above, The frame-like resin 
case where constitute the outer wall of a unit side face and the connector for external wiring (illustration 
abbreviation) is prepared (illustration abbreviation), The insulating substrate which low-battery circuits, 
such as a control circuit 13, are formed, and is attached in the top face of a base substrate (illustration 
abbreviation), It consists of a heat sink 43 attached in the inferior-surface-of-tongue side (inferior-surface- 
of-tongue side of a unit) of a resin case in the condition of having joined to the inferior surface of tongue of 
the drive circuit board 41 as mentioned above, and a covering member (illustration abbreviation) attached in 
the top face of a resin case so that the top-face side of a unit may be covered. Moreover, the assembly 
procedure of the outline is as follows. That is, the drive circuit board 41 by which the drive circuit 12 was 
first formed in the base substrate is attached, for example, it connects by wirebonding, and, subsequently 
this middle assembly is attached for a heat sink 43 to the resin case attached beforehand. Then, after 
attaching to a base substrate so that the insulating substrate in which the control circuit 1 3 grade was formed 
may be put on the upper part location of the drive circuit board 41 , a covering member is attached in a top- 
face side, and it is completed. 

[0023] Next, the example of 1 gestalt of the contents of control of a control circuit 13 (the example of the 1st 
gestalt) is explained. A control circuit 1 3 will be started if the ignition switch 1 7 which is a start switch is 
turned on, and a series of actuation including the following processings is repeatedly performed a fixed 
period, for example until an ignition switch 1 7 is turned off and the usual operating status of a control circuit 
13 stops. First, processing which calculates the target current value of the motor current according to the 
value of the steering torque detected from the detecting signal of a torque sensor 16 is performed. Although 
this operation computes the motor current value for generating the steering auxiliary torque of the target (for 
example, it was proportional) according to steering torque as a target current value, it also takes into 
consideration parameters other than steering torque, and you may make it calculate a target current value 
(namely, target steering auxiliary torque). For example, there may also be the configuration with the same 
steering torque which changes a target current value and changes steering auxiliary torque a little but 
according to the vehicle speed with the vehicle speed. In addition, in recent years, since a means to detect 
the vehicle speed in every type of a car is usually established, if the signal of this vehicle speed detection 
means is inputted also into the control circuit 13, a control circuit 13 can detect the vehicle speed and the 
above-mentioned operation can be performed. Next, after a control circuit 1 3 performs processing for the 
current correction control for protecting electromagnetic relays 18a and 1 8b etc. from overheating (it 
mentions later), it generates the PWM driving signal of the duty ratio which realizes the target current value 
acquired by the processing till then, and controls each FET of H bridge circuit 12a. A current almost equal 
to the predetermined direction of a motor 1 1 to a target current value flows by this, steering torque and the 
steering auxiliary torque of this direction occur, for example in the magnitude according to steering torque 
in the condition (low-temperature condition which does not have fear of overheatings, such as 
electromagnetic relays 18a and 18b, in this case) that current correction control is not functioning, and 
steering actuation is fully assisted. 

[0024] In addition, although a control circuit 13 naturally controls each electromagnetic relays 18a and 18b 
to a closed state in such usual operating status, when processing which always supervises generating of the 
following abnormalities is performed and abnormalities are detected, it has the fail-safe function which 
intercepts energization Rhine LI at least by making electromagnetic-relay 18a (relay A) into an open 
condition. For example, the actual motor current value detected by the current detection means 21 increases 
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from a target current value extremely, and becomes out of control, when it is presumed that one of FET 
caused closed-circuit failure, energization Rhine LI is immediately intercepted by making electromagnetic- 
relay 1 8a (relay A) into an open condition, and malfunction, damage, etc. on a motor 1 1 are avoided. 
Moreover, in this case, electromagnetic-relay 1 8b (relay B) is controlled in the open condition at 
coincidence, energization Rhine L3 is intercepted, and the regeneration lock of a motor 1 1 is avoided. 
Moreover, when it is judged that overheating cannot be canceled in the current correction control which the 
temperature detected by temperature sensor 18c, for example rises extremely, and is mentioned later, 
electromagnetic-relay 18a (relay A) is made into an open condition, energization Rhine LI is intercepted 
immediately and each relay by overheating and damage on FET are certainly prevented by making the 
current of each energization Rhine L1-L4 into zero. 

[0025] And a control circuit 13 performs a series of processings shown in drawing 3 at least as processing 
for current correction control. In addition, as long as the control circuit 13 has started these processings in 
this case, for example as a subroutine to a main routine in the program of a control circuit 13 of operation, it 
performs repeatedly periodically. Initiation of this subroutine first computes the temperature estimate Tr 
(strictly in this case estimate of the temperature of each relay contact) of electromagnetic relays 18a and 18b 
from the detection temperature Ts detected by temperature sensor 1 8c at step S 1 . The calorific value RI 2 of 
the Joule's heat generated in each relay contact is serially calculated by specifically calculating the square of 
each energization Rhine LI detected by the current detection means 21, or the current value I of L3 (namely, 
current value which flows to each relay), and carrying out the multiplication of each relay-contact resistance 
R (value which calculated by an experiment or count beforehand and was set up) to this count result.. 
Furthermore, temperature rise value deltaTr by this calorific value is calculated by performing serially the 
integration operator which makes the physical-properties value of each relay contact a parameter (value 
which calculated by an experiment or count beforehand and was set up) to the newest data stream of the 
calorific value RI 2 calculated in this way. And the temperature estimate Tr (== Ts+delta Tr) of each relay at 
the time is calculated by adding the detection temperature Ts currently detected as temperature rise value 
deltaTr of the newest obtained by doing in this way at the time. 

[0026] In addition, it cannot be overemphasized that the guess approach of the temperature estimate Tr is 
not limited to the above modes, but various kinds of desirable modes can adopt according to an attaching 
position (thermometry part), relay structure, etc. of temperature sensor 1 8c. For example, it is good also 
considering the value acquired by measuring the temperature of the particular part (for example, the 
common terminal 36 and the a-contact terminal 37) of each relay, and the temperature of the part (for 
example, each location near the relay in the drive circuit board 41) which carries out a temperature change, 
maintaining the temperature and the correlation of each relay, and carrying out the multiplication of the 
predetermined multiplier to the measured value itself and its measured value etc. as temperature estimate. 
Moreover, since it differs by electromagnetic-relay 18a and electromagnetic-relay 18b and temperature 
conditions differ by electromagnetic-relay 18a and electromagnetic-relay 18b, the value of the current I 
which flows a relay in this case heeds to calculate temperature estimate for every relay preferably. And it is 
good to use the temperature estimate of a relay of a side with an elevated-temperature condition high (close 
to allowable temperature) for example more, and to advance processing in the following step S2, S4, and the 
judgment of S6. 

[0027] Subsequently, more than 1 [ default K] the temperature estimate Tr of the relay for which it asked at 
step SI was beforehand set up at step S2, ****** is judged, if it is more than default Kl, it will progress to 
step S4 noting that it is in an elevated- temperature condition with the need for current correction (in this 
case, current limiting), otherwise, no need for current limiting progresses to step S3 noting that there is. And 
at step S3, the value of the current-limiting value Imax is set as infinity (infinity). More than 2 [ default K] 
the temperature estimate Tr of the relay for which it asked at step S 1 was beforehand set up by step S4, 
****** is judged, on the other hand, if it is more than default K2, it will progress to step S6 noting that it is 
in an elevated-temperature condition with the need for comparatively severe current limiting, otherwise, it 
progresses to step S5 noting that comparatively loose current limiting is sufficient. And at step S5, the value 
of the current-limiting value Imax is set as the biggest set point A. Moreover, more than 3 [ default K] the 
temperature estimate Tr of the relay for which it asked at step SI was beforehand set up at step S6, ****** 
is judged, if it is more than default K3, it will progress to step S8 noting that it is in the elevated-temperature 
condition near [ with the need for the severest current limiting ] the allowable temperature, otherwise, it 
progresses to step S7 noting that current limiting of whenever [ middle ] is sufficient. And at step S7, the 
value of the current-limiting value Imax is set as the set point B of whenever [ middle ]. On the other hand, 
at step S7, the value of the current-limiting value Imax is set as the smallest set point C. 
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[0028] In addition, what is necessary is just to set each defaults K1-K3 as a value [ **** ] in consideration 
of the allowable temperature of each relay, or the factor of safety (margin) to this. However, in this case, it is 
necessary to set up so that the relation of K3>K2>K1 may be materialized. Specifically, K3 should just set it 
as the condition which K2 called 80% of the above-mentioned allowable temperature, and Kl called 70% of 
the above-mentioned allowable temperature 90% of the above-mentioned allowable temperature. Moreover, 
what is necessary is just to set up each set point A-C chosen as a value of the current-limiting value Imax so 
that current limiting [ **** ] corresponding to each defaults K1-K3 may be made. For example, it is 
condition of making into the set point A 90% of maximum of the target current value determined that it 
mentioned above, making 50% into the set point B similarly, and making 10% into the set point C. 
[0029] Next, in step S9, processing of one sequence is ended noting that it progresses to step S10, otherwise, 
the need for current limiting does not have it since it is under a current-limiting value so that judge whether 
it is beyond the value of the current-limiting value Imax, and it may perform current limiting, if a current 
command (namely, target current value determined according to steering torque as mentioned above) is 
beyond the value of the current-limiting value Imax. And at step S10, the value of a target current value is 
updated and revised downward to the value of the current-limiting value Imax. That is, when a target current 
value is larger than the value of the current-limiting value Imax, it changes into the value of the current- 
limiting value Imax, and it corrects so that it may surely become below the value of the current-limiting 
value Imax (that is, a target current value is restricted to below the value of the current-limiting value Imax). 
In addition, as mentioned above, when the judgment of step S2 becomes negative, step S3 is performed and 
the value of the current-limiting value Imax serves as infinity. For this reason, it does not succeed in current 
limiting substantially in this case. However, a target current value does not necessarily become large without 
any restriction in this case. As mentioned above, when determining the initial value of a target current value 
according to steering torque, it is because fixed limiting value (maximum) naturally exists and cannot 
usually turn into a value more than this maximum. Therefore, it can also be said that current correction 
control (current-limiting control) of this example of a gestalt shown in drawing 3 is what revises the 
maximum of this target current value downward according to the temperature of a relay. 
[0030] If according to processing of drawing 2 explained above the temperature of each relay rises near the 
allowable temperature and becomes more than default Kl, as mentioned above, since a target current value 
will be restricted rather than usual, and will be revised downward if needed and an PWM driving signal will 
also be corrected according to this, the current value (energization Rhine L in this case current value ofLl 3) 
of each relay is restricted similarly as a result. For this reason, that thing [ that each relay is deteriorated or 
damaged by steering auxiliary torque by overheating although part reduction is carried out and handle 
actuation becomes that much heavy ] can avoid positively and certainly. The practically excellent 
effectiveness that high-reliability is securable is acquired being able to protect each relay from overheating 
certainly and avoiding enlargement of equipment, since the current which is the source of generation of heat 
will be restricted, if it furthermore says without enlarging a heat sink 43 and the capacity (size) of each 
relay. And a limit of a current value is gradually performed according to the temperature of each relay with 
two or more defaults K1-K3 mentioned above or the value of current-limiting value A-C. For this reason, 
for example, at the time of comparatively low level which does not have urgency so much, extent of the 
elevated-temperature condition of each relay lessens the degree which restricts a current, and the flexible 
control of it of securing as big steering auxiliary torque as possible is attained. 

[003 1 ] In addition, it is good also as a configuration which performs the same control processing as the 
current correction control for the overheat protection of a relay which was explained above also about 
FETSW1-SW4. Then, effectiveness avoidable positively [ overheating of FETSW1-SW4 ] and certainly is 
acquired. In addition, temperature presumption of FETSW 1 -S W4 is possible in this case using the same 
temperature sensor 18c as a relay. 

[0032] Next, other examples of a gestalt of the contents of control of a control circuit 13 (the example of the 
2nd gestalt) are explained. In addition, this example of the 2nd gestalt has the description in a part of 
processing for current correction control, and since other contents of processing are the same as that of the 
example of the 1st gestalt, the explanation which attaches a same sign and overlaps is omitted about the 
same contents as the example of the 1 st gestalt. The control circuit 1 3 in this example of a gestalt performs 
processing shown in the flow chart of drawing 4 as processing of a subroutine mentioned above for current 
correction control. Step SI 1 prepared instead of the above-mentioned steps S2-S8 is characteristic here. Like 
drawing 4 (b), based on the data table for maximum current decision (or function) set up beforehand, this 
step SI 1 estimates the temperature estimate Tr of a relay continuously, and the current-limiting value Imax 
is determined at it. In addition to the effectiveness of the example of the 1 st gestalt mentioned above as they 
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are such contents of processing, the following features are acquired. That is, fine current limiting according 
to extent of the elevated-temperature condition of a relay becomes possible, overheating of a relay is 
certainly avoided by current limiting of necessary minimum as possible, and it becomes possible more 
precisely to generate all possible steering auxiliary torque. 

[0033] In addition, it cannot be overemphasized that this invention is not restricted to the mode of the 
above-mentioned example of a gestalt, but there may be various kinds of modes. For example, current 
correction control of this invention is good also as control which a part for the predetermined rate according 
to the elevated-temperature level of a relay is deducted [ control ], for example, and decreases a target 
current value from the target current value determined according to steering torque etc., when it is not 
restricted to the control processing (what revises the maximum of a current downward) which restricts a 
current as mentioned above, but the temperature (a detection value or estimate) of a relay exceeds a default. 
Moreover, like the example of a gestalt mentioned above, it is the case where two or more places have a 
relay, and when overheating of one relay can prevent only by natural heat dissipation, it may be made to 
perform current correction control of this invention only about a relay of another side. Moreover, when two 
or more places have a relay, separate current correction control may be performed about each relay. 
Moreover, although temperature sensor 18c of the above-mentioned example of a gestalt is used also 
[ monitor / of FET / temperature ], it may form the temperature sensor only for relays. Moreover, when there 
are two or more relays, a temperature sensor may be formed for every relay. Moreover, the thought of this 
invention is not restricted to electric power-steering equipment which was mentioned above, but has the 
relays (switching elements, such as an electromagnetic relay or FET etc.) which open and close energization 
Rhine, and if it is equipment (equipment with which a miniaturization is demanded especially in addition) 
with which overheating of this relay poses a problem, it can do the applicable and same effectiveness so. 
[0034] 

[Effect of the Invention] In the energization control unit by this invention, the temperature of a relay can be 
judged and supervised based on the detection temperature of a temperature sensor. And based on this 
monitor result, current correction control which revises downward the current which flows to a relay if 
needed is performed, and the temperature of a relay is held below at allowable temperature. For this reason, 
that a relay is deteriorated or damaged by overheating can avoid positively and certainly. High-reliability is 
securable, being able to protect a relay from overheating certainly and avoiding enlargement of equipment, 
since the current which is the source of generation of heat will be restricted, if it furthermore says without 
forming a large-sized radiator or enlarging the capacity (size) of a relay. Moreover, high-reliability is 
securable similarly with the electric power-steering equipment of this invention which applied such an 
energization control unit, avoiding enlargement (enlargement of a control unit in this case) of equipment. 
Consequently, the reliable electric power-steering equipment by which the relay was certainly protected 
from overheating can be realized also to comparatively large-sized cars, such as a subcompact which has the 
need of passing a high current in the drive of an assistant motor, and the practically excellent effectiveness 
according to the needs of a commercial scene that it can constitute in the magnitude which was moreover 
suitable for the control unit of equipment carrying in a car is acquired. 

[Translation done.] 
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«. mria y u-£BSiKJ!S£ b-cmi&m&v a >*^m« 
,«iiciMo-5. WffiMu^osuKh^^tcjSDruia^ 

- # omffi, &m s© a^sssffljc $m-tzmh> ? - * 
y^ysigfcteor. 

m%.u&.<D&&&ikm?zftg[iz >-y- i 4 

8^&£*ia:wfcc t&ftWLt-rznM^o-xrr y 

[ f»#^ 3 ] t?iess> >-^*i. wria y u -©^sb 

* * c t £«Fg* i -r * noon 2 fe38©isa&^ ? - x t- 7 
y > ims.. 

*ifc«tg©ias* v «riBBff^ajfi©sfi£L/raijs-rs 

Zf-7 V Is 

[ts*a5] ttffas«*j. ^s»{©s«'c , &.sc:£% 

^® <t t -5 if jfcJi 4 f atg©mS&^ V-XJ-TVZsim 



[»^6] fnay gjias«{c^MSi^$n 
[if*s7] ufB^ssfa^i8>w > B!Tfass-fe>-y-(c 



CO 00 1 ] 

ft y u-ft £•© y u-cc j: -,ril7 ^ >©^H*t«i 

20 i^icojc^^am^a^g^r^tf^ad^^-^-^Ty 

[0 00 2] 

Cfie3fc©SS5] — ^(c. 6S«jm«:£*©/h§!mP5«:^ 
^•k: J: 9 Site-*- 3) (c*M©^'y^y-*>^m 

30 ^5*ssurgiseMf»f-Jui'*^fe$-tfs*>©r*.-5. -e 

H ^ y s?@gs j: fj ^igftrtDisg^ o -c* - ^ 4 P w 

[0003] ±iaiES6iHiss©3i®7 -r > (^fc 

i'ttt, ±felES6lel8S£fijISK©jlS-7-/>£ > ±iB 

iay u-^P3«s§tc«^L/rmriaa«7-Y>4®»f«^ 

£ U . i> y -a*^ <^m©^-« vf-V — *s*f 

©Ste-cg^T s c £ ) tcts^mSK (jS^iS) ©^ 

^sr@isurus„ ms^mmmnc ±SiF E T© 

©fcjixc. jjbi; u--*-f»«DPitt.®«:^f)^rB5fa 

50 il^^^^^rSK-r-S^iifeorc^., CCt? 



u-jcjc^r^cjr^i-rn^ ±iaigifr@ 

88 (jEHKCt*. .hfBH^y !»y@8S) i*-3fraoWim 

^ -y >tc 4> msa y u -if© y u - *ts:w 3 z . 

[0 00 4] tCZV. COJ;5&^7-^r7y 

<* ft ±iayi — ^flterrs y u-^f 
*fln?&a> 6 aswf c «st 3 *i r i,> & a> 

fc. CtUi. C©J: -5 ScUSS^ 7 f-r y > tf$m 

±IBFET) ©^Jfc&s &< . j&fc 

©&s&g£iaws& t'o^tc <t or. _kia y u-©ia 

[0005] 

-^br. c ©<fc 5 Jcit&fiftrtjaft^if fcjgig 

viz. v^-zmmfrii&m-rzctiiZFiijmiiCtj;*. 

[0 006] Jtcfc. friBM»@K-? > ^'^i'P3>f*- 

a&g^KW-fc*). Stria 



ttTfCfcOT Ufa y U-/&l®sm?!<!:fc6frC>«i: 5 

y u-sPjM&ttAKc&&&. ^©y u-n-fj^m 



< 3 > ^2 00 1 -2 06 23 6 

4 

5 * £-sft#& 5 fc 

MtttteMap*- zmmffi®*m. m.Atz ©j: 5 

Ufa y u-©jas^*/jNMJi#sSrsS6fj^oji^K:|5iig 

[0 007] 

c© y u-©«wi^o&*TB&iBiifii7 -< 
^ttSKt^fc^-ria^a^gjc^t^r. mib 

ifr^u&WFicGmT^ < . ifriajaa^>-y-{cj:s^ 
tuss5cs-5t»TB<rfa y u-fcijgn-s^K^i^fctED 

20 TT^iE-r-5^SE^iE$(I®^||ff-rS^iijS$lfiai^®<i: 

i>zm^nat. iss60ffi«i:^is©ffl©®8fcg^i. ^tt 
SKiftWoraomjjfeiSss^sns. sfc. ryu 
-j tea. 3is©^aay u~ ?>^#^y u-. ^t>»F 

30 -©ISj i», y u-©mffe-£©i®tt#M!&«:J:o-c 

@0f©a^-c*o. ti-^-tctoTtt. yu -£#©¥*& 

L"-©s«**i»ix«»tti^itMJ5cas:i at 0 m zmM&i 
fiij fc». sjtay u-g«:©{5jti^©gijflfe$*ns 

40 y u-©si?-*s^$nyt@K2»#-t'^©»g{c*i 

WSmfiB^©fflfi|gS^) laiay U-©SSi^BK 

K^£«t^Loofij3^t-rsgis<a (m«. y u-© 

c© r^T^sBfi j « % ij ix-oias^— Jc©^^ 
yggccii^ffl^en^^iisy u-^ti*©y 1— -e&ft 



5 

2 0*C~2 0 0*CiC»-3/c^;U-C*5©r t 'P 

tt< tt> i -c~ i o vm&vmmtmmfticfrstizm 

r*m»mMBi ». 09*«fri2iaa 

[0008] ccD^igccfctitf. &a^>if#_LaL/c 
jr^^ffs^fitcDfia^aj-rs^^. c©ias-fe>-y- 

-eor, c&m&i&micm-i^x. yu- 

fco. S5^ttyu-©§i (-y-^x) *^csfb-rsci 

Cooo9]$fc v ccD^tci^mift^^^-^^r u 
£2S£-r*T^* h*-*£. «&©;w v?:/*?*? 
M$&£. Wier^* h^-£©ii^^>ccRtt6*i/c 

#l&£L,fc<i:*fc«\ Ufa y u-fciStflgfcfl^&S-ttT . 

tot*5. ccr, r t*>x h^t-tKomm? j> j 
88) jtifia:/y yy@fS<br'>^ F-t-^pa©aft5 
cooio] c©^bj«: jrtis. sa-fe>-y-*i±aofc 



< 4 ) 1^12 00 1 -206 23 6 

6 

^Siasnr. r»> Kjufiif^3&i-?©^a< sr^fe©©. 

-3«g^CcHig-C#S. 3 6 fC &&©igrc*sm 
iJfcfcfUKB-rs©-?. ^SftSSSfts^SWfc 0 . s&wsy 

u-©Sfi (-y-^x) **22.ittzcti3i< x yu-* 
a^*»6«i*(cds-r5ci*(rif» ^Si^-^-^t-t 

* f *- if ©issifc^miiS*^^©* sffiistffl* 
%g^ic&&$titcmm&<Dmi,>nwi^7-z7-7 y>y 

CO 0 1 1 ] C©«W©J:f)»*0l^JS«. b? 
20 SBSS* >-y-*i. Bf(iB y U-©^Sgp^©jSa*, B?I3 

^^©saii/ra^-rstor^-s,, c<ommx 
&z> <t v uiB y ^©^^©sa^esa'M-rs c 

i ^rtf . wrta y u -©a^*B5±r •s±fjgs t jec s 

/c. cc^^irjjfSLc^fiE^ BiTiajaa-fe >-y- 

<a©?aa<!:Lra'js-r5fe©-c*s. c©«^*^ 

««i:t>©r. aa-fe>-y-©K»3ffw*i^(c)ic5. 
io [o o i 2 3 gfc. cc^wojroafgt^ftjatt. «r 
issffi (y u-tfusgsnfcgffi) *i. ^«s?©*ffi-c 

ab-5fe©-c*-5. c©^s-c*s<b. yu-- CSS£t,fc 
5. cnfcfc*). y u-©ai?a*s^L»<*or > b? 

^L/fcm^#iiE$iiai©3^f«a-?>ga*siJ>!a < -r-rt? «t 
*ijWS-T'5afe©aa* ! > y i^-©aa^*ij^-rs±-c 

3 «fc«5*fiL/t>fc©i^c* (y U-©zaa<i:S«©jl®i 

©B5^i<fc0iSI^{cftS) fcati. i'3isa^< yu-© 

«t. y \y--c§k^tcmmmmm^<^*). yu 

-■e^iL/ft:^«ss^iSaur^gp(c«i oja^< fife 
[00 13] S/t. C(D^m<DJ:f)ifftb^m^.it, m 
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ma u u-***i4«SE*6^Ry u-KJwta^A- 

SriiA&lg^CC, mttttlKEM8ll£XfT fife CDT* 

*or. y u-*jWESti3fc«K«c*jw* y u-^e>*s 

<Dmm>&&m&mi o , 

So 

[0 0 14] *fc, CQ»9!<OJ:0»*Llr*«rtB, W 

4, AMU*, y u-owsttssostt^. *wise&tt 

0 , ft 4 ^ < f£»«/MH©flB8flHE"C y U - <D»Jffc* 5£ 

S3*4C4# % J:0Ja®tenJt&4ft£ o 
[0015] 

B©^- FflWE©— JBJBW*, H 1 Ccj^KSirrs. * 

£-r*T5>*h i («r. m-stfC - 

# 1 1 4l>5) 4. co*-* 1 1 £H8&[h!SS1 2 (H 

13 4, (/ty^-y-) l 4©ffl**fe4tc 

CCD§»MIgS 1 3 «CBf««**«t&r *WBH» 1 5 

6 4 So t c r , mrsnats 1 3 «\ #»§8<D«8fc 
[0016] £/c, ai(c*j^r, 
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? KMSlVBtt 1 3 (Dtmx 4v*t Lr«IB-rSo * 
fc, ff^l8a, 1 8 b-CSrTfeQti, **9ioyu- 

*o, iW*WLfcH«»^rcti6«Byu--©3 

^JU#«HWa»l 3 5CJ:oTffi«r*i|ai3ns«0E4tto 

T^S. i/c, flF^i 8 CC^tfctDtt, fgS&HISSl 2 
<DWfo4 I VMS. (CCMB^iEWCCJ*, Sffi4 1±CD@ 

10 -eo^aiffl^ttSBaiiiK 1 3 

fcA#Sftri»a. *fc, ^1 gr^-rfcon, ^y 

2 a©y^> FffJ (flj% % ^y?2?BBl2 
a4Sagl 4<D*ffi4©H©»W^-Y>L2) itg$S;* 

tifcaas (s/+>h«ts> c cosbi 1 9 <Diiff 

BTF»«:«a-r*«EE#A*^ >T >2 0 fed: oTfWSPSI 
8&1 3&CA#3ftTU5 0 ft& % CODA#^-f>20#> 
6^3tl**EEtttt % mmtc*:-* 1 1 CDmSSffl 

ns&@5S i 2 , ©jangjs 1 3 . mwM$s 1 5 & 4» % ^< 

•7-^f7y>^g03>H3-;^ 7 h2 2** 
^bTl^So 

[0 0 17] CCr, fgafttnJSSl 2B, C<Df#^4<S<P 
^5»*h^>^^SWl^SW4 («T, FETS 
Wl-SW44l^) £-*-*l lfcWLTH^y^^ 

J0 r*5§FETSWl — SW4lt MffHKl 3*>6tti 
ETSWl-SW4(t £<Dm&, N^ + >*^x>/> 
FD 1-D4 («*y-<*-F) *SFU-f> - V-^ffl 

«cffiOii*nrc»a. s/t, isvu-isa (yu- 

A) ^y 9 2 a4««l 4©iES4©Bla> 

0 c©a«^-/>Li*aaR««4-j-sfe©-r*4. $ 
fc k «nsy 1 8 b (y u— b) ^y 

2 a 4-^-^1 IB!©— *oa«^-/>L3CC»»6 

>L 3 *«JR«»4r4 fe<DT*S. 
[0 0 18] MfllBBl 3tt, v^P3>b'a 

- # s^toBB-cflijffi $ h )v ^ -fe >-y- 1 6 (D^mm 
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H^y v ^hibs 1 2 a zmmTzmstm dmtz «t 
flu ss-fe>-^ 1 8 c -?>fKj£ifem#& 2 i ©*&tm»ccs 

*8y U- 1 8 aXtt 18b ( y U-AXttB) £ggt£ 

^figfe^-rs (£*■&&-*-*) . £fc v saaassi 5 

tt. s» f 1 " >; - 1 4 OlE 12V-14V) * 

m'mMEE (Mil. O. 5 V) {c^gSL/TSflffiillffi l 3fc« l 
*&f s *>©•?& s. ftfc. Wyu-I8att. 3T»J» 

^0881 2 a4®Sl 4©fiffi (IP% V £ f ^> F) 4© 

Woa«7-/>L2«csi*6tn:(,>TiJ:<. s 

»yu-18btt. try *£?@Hfl 2 a 4*-* 1 llfl 

©ffc£©sa7^>L4(c|£W6tiTcvt&j:t,>. * 

fc. my u- 1 8 a ©<* u u-tt. anw-ntv 

<E>ft5&©-e&s. bfrU S88y U— 1 8 b©«fc5ft 

y u-iM'TL feifi®-cttft< . mmisttm&u ? fit 

Ji?iE4ft6ft<,>i#£ <M*.«. ^-£1 lCD3-f^Wi8 

1 1 4gUte354©fl3K£'-5s»* 

#RW6ti. *-> 1 1 iS^oaMdsffla^Bsr^ 
S*§^?) «cfct. ^ST&Z. ftfc. Hm*WLrt»* 
**, 3.-? F 2 2CC«. _fc^LfcS*©flfe{C v -t-^l 
l©mi£ («T. t§£«c<fcD#{C*-£S«£4l>5) # 

[0019] 3ctC. SSay U- 1 8 a , 18 b©*£i& 

O^OMfflHIBttMUt:. 02{cJ:»3Sil§-J-4. ftfc. 30 

0 2 ( a ) us y u -©#-«*m-r *f&0-c* . 0 2 
( b > y u -©rtas^ii^^-rifjsfBiar & 0 . 0 

2 (c) ttgy is-&m3&Ltcmwmsgmfcm<DmMm 

-C*S. «yi/-(i, 02 (a) . (b) (C7jrTJ:5 
SjO^-^If 3 1 i, 3 ^;l^$fci> «fc 9 ft -SSSSE 3 

24. c®nm&3 zomtt-c&jjffiic&m-z-iim 

33i, C © nJBM8Ml/<* 3 3 ©5fcJg«:tg:W ?> 
tlfc"5JS6^*3 4 4. C©oJ«iS*3 4 JC 3*6)158;* ft 
7fcB»£ 3 5 4 . B£&£ 3 5 tCjfeM S *i-< - xjftE 40 

3 1 OT9£ttCc8MfePWtiLfca*>»?3 6 4. 
pJSM&£'<*3 3^Ltmt8^3 4(cSM^n^- 
^i«3 1 ©TffiaiS{cSi^*iga t/fea 3 
7 4. ^8853 2©-g-3-OW&K;gj;$;*4v<-;*gffi3 
l©T®tf*MWtcS^*^Hibft:=i^-»U^3 8 . 
3 9 4. (S4S^©«^S*^<) £S5J:5K: 

3 l©±ffiiSJ«:K»3#W6nfc^^fl|$g© 
H0^r-^4O4*#-r^ o fit, W8£E32<Dmm 
tffsmm&i* 3 3 ©«7C#K:<fc -y X nJft&gL* 34*1 
aSS.^3 5(C*fLT^ftU Wa&^3 4 4@SS* 50 
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ftfc£. fflSPSSS 1 3 <DMW-C^ 4 8 . 3 9 IBS 

tznw&mfe$tim&E3 2#mt&bfiMmm-cit. 

3 2 ©®3 |^7f oJS&g.=6 3 4 #B3©g.S3 5 ft jg 
S^lSlKML-C. 3*>Jg^3 6 4 ag.^3 
7 4#i»iH*.®4ft£„ 3^8^3 8, 3 9BB 

4 jWnjajrg.s^^ 3 3 ©«5c*jrB«8.£ 3 5«> eitn 

S^GKC^ftLT. 3*>ffl?3 6iag.^3 7i 

3 *i^a«®4 fts. ft$s*BMW-c\z> sassy u- 

18 a. 1 8 b£l5j$3g©&©4LTiftgi!Lr(,>5#. 

Mft-5«3S-c<fe-t>rfe«fct»c4«i,»5*-r4>ft< . * 

J0020] $/tc©is^. syu-(j. 02 (c) fC 

7tc-tj:5{c. is«iiHisssK4 i±{cnji$nrc>5. n 

S6leI8SSffi4 1 «. &mM&X h 0 . CC {dgSftHgS l 
2 #0/53 *vc I, > .5 . "Tftfe^. ^S&IhI8S»S4 1 «. 
«*-e*£7Jl<3K©Sffi (H^fflffllJ) {CiteMJl (0^ 
*WS) 4?fr$U $6fc-€-©±«:@K^4l/r©iB^ 
^•3f->4 2*E|I»Iffi^^K:J:»5^L, > C©^^' 
^->4 2 ©gf^©SB{i{C*f jgS*0?S 1 2 

•5.FETSWl-SW4-^a5ay U- 1 8 a. 18b9 
©SPfo^^U/cfeorab-S. ftteC©^^-, FETS 
Wl«-SV4-f>fiiyi — 18a. 18b«. 02 

(c) ©«5S{cii35[-r5,^rrfiiK:^riBg3n-r*}»). 

CtlfcFETSWl— SW4-t>^jay U- 1 8 a. 18 

b©ra©fiLgfc. aa-fe>-y-i 8 c©^y ^si^sn 
rir»5„ 02 (c) tcfet>r«. ±®ffll*ic©^ 

jisffi ans6iai&s«4 1 > ©si^®4fto-ri,^„ * 

fc. ii>ft< 4&aE2y U-l 8 a. 18b«. SSS^T-3 
6 - 3 9 i>mM9mm<D&Vi 4 ft S <£ 5 

ft«|nl*©^) iSti, IES6lsI3Sa«4 l±©fBfg;>* 
^->4 2 ©0f^g|5aK*tL-C^®3l^$n-Cl>.2>„ M 

4 2 ©§f^gp{4©±a(c?*^ y - 
A^BS^^Lfcf^. ^©^fSSPffl©±M{c>ttLrSS 
^3 6-3 9©^® (TB) *«^Stfr. *©S^SB 

«. H2a6ls!ffi5a®4 1 (iEFi{c«. -e©ffi^^dr->4 

2) ©fia*ff-aijL-rns. -eirffil^-cii. fgfti 
IhI^»«4 1 ©SMfliJ (TMM) 5ctt. Mittf. r;u 5 
©y-f* + ^h{cj:»3^$nfcSS^S4 3*s t Jg^tt 

J^riBt9:$nri,»-5. c©ss»g4 3«. 
[0021] coi^&fisrisi, asayu-i 8 

a. 1 8 b-?>FETSWl ~SW4-C^ly/cj^». |g 
8&laJSg*«4 1 «rMaL.r3%^< 04JTfSJt«:GMS 
#a. S^W«:&^«4 3^6^-y (^) 
^<S5d^3n5. <£9f£l,<«. afi8yu--l 8a. 1 
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£ r&MH<D&Stt (a 3 
*->4 2«ce*>ofcJIK4 % fgtt(HlgS»S4 1 tf^lH 

r*£c£a>e>, 5&*&<^«4 3 WK^snrfe 

^StiScDr*So £tcC<Dtttb. »lt-fe>lM8c#s 
2 088) tt, «8 ! ;i/-18a. 18b^FETSW 

i^sw4©^-^aflCiuriaffc«fl3Eftr*. o 

E8SSS4 lOBK^dr— >4 2) tt, lS'jl/-l 8 

a. 18b (»JH omx*w&r*mofiHi*'*- 

^ flUt-fe>1M 8 cOMfflUEiL FETSW1-S 

6o OJD, C(Dig^CDSa-t2>1f 1 8 c tt. SBl/ U 
-18a. 1 8 b(DSM^t^/cfe(Dt>f 2( 
iifc«C % FETSWl-^SW4©«lS*tt*Dr4&» 

tO 02 2 ] 02 (c) Tfcfc, 3>Fp->Iol=. 

? h 2 2 <D:£tW*gfC-X>T&*, i^tSSbrU^, 

«ie*tti8r 4 i ma ketfoj: 5 <t & o to 

(f«a£4>iM^>L 1-L4CD-SU) tmstS titt+* 30 
^^<t0K0#W6nS±abAJgtt@B»K4 1 

us) t % mmmi&i 3fti*cHssmass^^snr-^ 

tttt6ft*jBd&«4 3£, :z~9 F0)±nM&a9J:9 
tisQ-C&Z. BPft, *T^-*2ffiteIgS&0881 2# 

[0023] *«c^ mianiBiBs 1 3 (owsm^oy-jmm 50 
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8&^W * *^ a >;W **1 7^>5n 

st h^^^cj^D/c (ma a. JtMbfc) aiu<D& 

*fWffln§Iijg 1 3 fc A^J L T* W 1 3 ifim 

»13B, «»;i/-l8a, 1 8b««OM^6fi!R 

m y 1 8 a , 18b *<Dia«kOS*l3&Jft(r»fi»tt 

88) tc*jo^r«, MAK»«BhJU^cci£i;fc^:*3ra 
[0024] c ©<fc 5 «ca»©«»tt««:fci*r 

H9BB1 3HC, #«KUU- 1 8a. lSbtaiRK 

ii>st<ife«»yu-i 8 a (y u-a) *rattfiS<to 

4o 0«A#, «0iettU1^2 lKJ:QWai3ti&MRCD 

*l»£Sc!K l»Tn3^OFET3WJi»iS!a»*jaC0A:4 
^SnSig^fCfti. 8 a CJI/-A) * 

BKtttty U-l 8 b (yu-B) ^^«S§^c$ijaiLr 

il^^^>L3*®ifU, 1 ©@^P^^*IdI 

iS-r^o S/cMA«, SS-fe>lf 1 8 cCCiD^Sti 

18a (yu-A) WSibtll7-/>LieP 

fficcaKL, sat7^>L 1 ~L4©aa*-fefni l 
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C 0 0 2 5 ] UX . #J®[5|S8 1 3 «. miifci&iESigj© 
1 3©J»{^:/a^AK:feW£ffl*«^>*-^>fc 

8 c &cJ: 0 &ffl £*vr <,>£&fcBa£T s foztsm V u— 

18 a. 1 8 b ©agJfSEffi T r (C©ii£. &ffi{C# 

ffl) ©:r**tn»u cotf«i(gm«:Sy 

C©J:5K#«>e,*ift:#fe$&gR I a ©&gfr©-r- 

teW5Syu-OfiKSS(8Tr ( = Ts+ATr)£ 

[ o o 2 e ] &*. ss«is«iT r <oimj?mz. ±§H 

t>-&«©iK«#syB i/5sci«c»5*-c*>ifei>„ 
#y u-©#^gp^- (m«3*>^3 6^ag 

S<»S&-?> < *©a'JSffi{CBif)£©^*mSirs*4-«: 

';U-4^5®iEI©iitt, ®Bjy U-I8a 
£®8';u-l 8b£-Cg&3U m^'; U-l 8a£ 

T. &.T<D^yZfS 2. S4. S6©#JST«. fl!* 

tf. <fc >mat£ag©i$<,> (i^aKfciao) ffltf©'./u- 

-c^a/c u-©a«fii^ffiT r ^*s^$n/cgt 
ss^je ( c ©*§£« , wtMfflm > ©i£^*j & s fif 

-r*S£LTX-r*7'S4K:jt«^ ^T&Wfttf^&fe 
fWKR©s£Jgtt& ^i0t^f^7 , S3 (Ciltf. ■€• o r v 
^f^SSTit SSSBWKffil max©<B*aslK* 50 
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s l r^s&fc y u-©jgs«^(®T r ^tbmmsti 

fc«Sff K 2 fKSfiiK 2 JBLh-e**i 
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